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nOflABJIEHHE AKTHBHOCTH 3CTEPA3 
KAK OCOEEHHOCTb IIATOrEHE3A MHKP0Cn0PHflH03A CBEPHKOB 

GRYLLUS BIMACULATUS 

© K). R. CoKOjiOBa, O. B. CyHuyKOB 

IIpoBefleHo cpaBHHTeJibHoe H3yneHHe Kap6oKCHji3crepa3 (K3) b pa3JiHHHbix opraHax CBepHKOB 
Gryllus bimaculatus b HopMe h npn 3apaxeHHH MHKpocnopHuneH Nosema grylli. B reMOJiHM(J)e 
aKTHBHOCTb 3crepa3 onpeuejnmacb cneKTpo$OTOMeTpHHecKH, a b reMOJiHM^e, xcnpoBOM Tejie h 
HepBHOH uenoHKe — mctouom cneuncjjHHecKoro OKpaniHBaHHH K3 nocjie 3JieKTpocj)opeTHHecKoro 
pa3flejieHHH b nojiHaKpHjiaMHUHOM rejie h HHKy6auHH b pacTBopax, couepacaiunx rHupojiH3yeMbie hmh 
cy6cTpaTbi. B mohocjiohx tcmouhtob aKTHBHOCTb 3CTepa3 H3ynajiacb uhtoxhmhhcckhmh MeTOuaMH. 
Pe3yjibTaTbi HccjieuoBaHHH noxasajiH HHrHbnpoBaHHe aKTHBHOCTH npH MHKpocnopHUH03ax bo Bcex 
H3yneHHbIX TKBH5IX. OUHHM H3 CJieUCTBHH o6merO CHHXCeHHfl aKTHBHOCTH 3CTepa3 MOXCeT 6bITb 
noBbimeHHe THTpa K)r npH MHKpocnopnuH03ax h HaGjuouaeMaa «K)BeHHjiH3auHH» 3apaxceHHbix 
oco6eH. 3apaxceHHe xcnpoBoro Tejia CBepHKOB upyrHM BHyTpHKjieTOHHbiM napa3HTOM — kokuhuhch 
Adelina grylli He Bbi3biBajio chhxchhh aKTHBHOCTH $epMeHTa, a, HanpoTHB, ycHjiHBano aKTHBHOCTb 
OTfleJIbHbIX MHOXeCTBeHHbIX MOJieKyjlflpHblX (J)OpM 3CTepa3. 


Kap6oKCHJi3CTepa3bi (K3) (HecneuH$HHecKHe 3CTepa3bi) — $epMeHTbi, rHupojiH3yio- 
mHe 3$HpbI KapGOHOBbIX KHCJIOT. MueHTHC})HKaUH5I OTfleJIbHbIX THIIOB 3THX C})epMeHTOB 
(KO 3 . 1 . 1 . 1 .— 3 . 1 . 1 . 5 .) 3aTpyflHeHa H3-3a hx uinpoKOH h nepeKpbiBawmeHCH cyGcTpaTHOH 
cneuH$HHHOCTH, a TaK)Ke TeM, hto hx HHrn6HTopHaH nyBCTBHTejibHocTb onpeuejiaeTCH 
cocTaBOM cy6i>eflHHHu MHoacecTBeHHbix MOJieKyjinpHbix $opM cJjepMeHTa (Choudhury, 
1972 ). 3cTepa3aM npHnncbiBaeTca BaacHaa peryjiHTopHan pojib b KjnoneBbix $H3HOJiorH- 
necKHX npoueccax y HaceKOMbix: ohh ynacTByioT b MeTa6ojiH3Me jiHnnuoB h b rnupojiH3e 
upyrnx 3HfloreHHbix coeuHHeHHH, othochiuhxch k KJiaccy 3c£>HpoB KapGoHOBbix khcjiot 
(Lands, 1965 ), b npoueccax BHTeJuioreHe3a h penpouyKUHH (Hooper, Wan, 1966 ; Bonning 
e. a., 1997 ). YcTaHOBJieHa npHHacTHocTb Kap6oKCHJi3depa3 reMOJiHMc|)bi, TaK Ha3biBaeMbix 
«IOr-3CTepa3», k peryjiHUHH THTpa lOBeHHJibHoro ropMOHa (Hammock, 1985 ; Hoffmann 
e. a., 1994 ; Vermunt e. a., 1997 ; Woodring, Hoffmann, 1997 ; Paterson, Weaver, 1997 ). 
riOKa3aHO, HTO ypOBeHb aKTHBHOCTH 3CTepa3 y HaceKOMbix KOppeJIHpyeT C yCTOHHHBOCTbK) 
k HHceKTHunnaM (Oppendorth, 1985 ), hto, BepoflTHo, OTpaacaeT hx ynacTHe b 3amHTH0- 
npHcnocoSnTejibHbix peaKunax, npeuoTBpaiuaioiUHX oTpaBJieHHe opraHH3Ma (Ishaaya, 
1993 ). HccjieaoBaHne aKTHBHOCTH 3CTepa3 npn MHKpocnopnuH03e npeucTaBJiaeT HHTepec 
no UByM npHHHHaM. Bo-nepBbix, 3CTepa3bi npHHHMaioT HenocpeucTBeHHoe ynacTHe b 
rnupojiH3e TpHauHJirjiHuepojioB — pe3epBHbix JiHnnuoB acnpoBoro Tena HaceKOMbix. B 03 - 
uencTBHe MHKpocnopHUHH — aHa3po6oB, He o6jiauaiomHX mhtoxohuphamh h Haxoufliunx- 
Cfl B 3HaHHTeJlbHOH 3HepreTHHeCKOH 3aBHCHMOCTH OT X035IHHa, Ha JlHHHUHblH 06 MeH KJieTKH 
xo3HHHa uo KOHua He 5icho (flojirax, 1998 ), h Jiio6aH HOBaa HH^opMauna no 3TOMy Bonpocy 
npeucTaBJiaeT HHTepec. TeM Sojiee HHTepecHO cpaBHHTeJibHoe H3yneHHe bo3uchctbhh 
MHK pOCnOpHUHH H aueJieHUHbIX KOKUHUHH (THnHHHbIX a3po60B!) —UByX BHyTpHKJieTOH- 
HblX napa3HTOB, pa3BHBaiOIUHXC5I B )KHpOBOM Tejie y OUHOTO H Toro )Ke X035IHHa, ho 
Bbi3biBaiomHX pa3JiHHHbie THnbi naToreHe3a (flojirnx h up., 1996 ; FlacKepoBa h up., 1998 ), 
Ha JlHHHUHblH o6MeH X03HHHa. Bo-BTOpbIX, H3BCCTHO, HTO K3 reMOJlHMC|)bI H aCHpOBOTO 
Teua npHHHMaioT ynacTHe b peryjiflUHH THTpa lOBeHHJibHoro ropMOHa (lOrill), rnupojiH3yH 
ero no cjiokhoh 3c|)hphoh cbh3h (Khlebodarova e. a., 1996 ), a B03uencTBHe MHKpocnopn- 
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£HH Ha OpraHH3M X03HHHa MHOrHMH aBTOpaMH CpaBHHBaJIOCb C aeHCTBHeM K)r HJIH ero 
aHajioroB, b cba3h c neM uaxce BbicKa3biBajiocb npeunojioxceHHe o bo3moxchocth cHHTe3a 
K)r MHKpocnopH^HHMH (Fischer, Sonborn, 1962). Bo bchkom cjiynae, mhothmh aBTOpaMH 
y6e^HTejibHo noKa3aHo, hto MHxpocnopH£H03 0Ka3biBaeT cmibHeHinee B03aeHCTBHe Ha 
penpoflyKTHBHyio cJjyHxunio h Bbi3biBaeT aecTa6HjiH3auHio ropMOHajibHoro 6ajiaHca Hace- 
KOMbix-xo3HeB (Hcch, 1986). 

HacToamee nccjieuoBaHHe nocBfliueHo H3yneHHK) aKTHBHocTH KOMnjieKca K3 b xcnpo- 
bom Tejie — MecTe o6HTaHHH napa3HTOB h b reMOJiHMcjje, me npeunojioxcHTejibHo h 
ocymecTBjiHeTCH pa3JioxceHHe K)r, h npeacTaBjiaeT co6oh nonbiTKy BbiacHHTb xapaxTep 
H3MeHeHHH aKTHBHocTH 3CTepa3 b naToreHe3e MHKp0Cn0pH^H03a. 

MATEPHAJIbl H METOflHKA 

Hccjie^oBaHHH npoBounjincb Ha jiaOopaTopHon xyjibType CBepnxoB Gryllus bimacula- 
tus , coaepxcamHxcfl b CTaHuapTHbix ycjioBHflx (KHH3eB, 1985). CBepnxoB Gryllus bimacu- 
latus 3apaxcajiH MHxpocnopnuHflMH nyTeM BHeceHHH cycneH3HH cnop (10 6 ) b noHJiKy, xax 
6buio onncaHo paHee (Dolgikh e. a., 1997). .Huh H3yneHH5i B03ueHCTBH5i xoxuhuhh Adelina 
grylli Hcnojib30BajiH cnoHTaHHO 3apaxceHHbix oco6en, KOTopbie nocTOHHHO npHcyTCTByiOT 
b 3KcnepHMeHTanbHOH KyjibType. 3apaxceHHe KOHTpojiHpoBajiH npnx(H3HeHHbiM MHxpo- 
CKonHpoBaHHeM ynacTKOB xcnpoBoro Tejia c noMombK) c})a30B0-X0HTpacTH0H onTHKH. 

LlHTOXHMHHeCKOe BbIHBJieHHe 3CTepa3 B reMOUHTaX npOBOUHJIH B COOTBeTCTBHH c 
MeTOflHKOH, onncaHHOH paHee (rjiynoB h up., 1997) jyia aHajiH3a tcmouhtob Galleria 
mellonella c noMombio cJjepMeHTHbix MapxepoB, MOUH(f)HUHpoBaHHOH UJifl Hauiero o6i>exTa. 
reMOJiHM(|)y coGnpajiH ot xaxcuoro CBepnxa HHUHBHuyajibHo nyTeM npoKOJia noxpoBOB 
Mexcuy tojiobhoh xancyjion h TeprHTOM nepeuHerpyuH. Jlyin nojiyneHHH tcmouhtob reMO- 
jiHM(J)y (20—50 mkji) coOwpajiH b anneuuopcjjbi, couepxcaiune paBHoe xojihhcctbo aHTH- 
KoaryjiHHTa. reMOJiHM(J)y ueHTpH^yrapoBajiH npn 500—1000 g 5 mhh. CynepHaTaHT 
Hcnojib30BajiH j\jin cnexTpocfxyroMeTpHHecxoro h 3JiexTpoc})opeTHHecxoro aHajiH30B. Oca- 
uox, couepxcamHH reMouHTbi, uBaxcubi npoMbiBajin b aHTHXoaryjraHTe, a nepeu ncnojib3o- 
BaHHeM — b 0.1 M 4)occf)aTHOM OycJjepe (OB). CycneH3Hio tcmouhtob HacjiaHBajiH Ha 
npeuMeTHoe crexjio h HHxyOnpoBajiH bo BjiaxcHOH xaMepe npn xoMHaTHOH TeMnepaType 
15 mhh. Aure3HpoBaBuiHe x CTexjiy reMouHTbi cJjHxcnpoBajiH b (JjopMajiHH-rjiyTapoBOM 
cJjnxcaTope (1.5 % napacJjopMajibuernua, 0.25 % rnyTapajibuernua, 0.1 M OB), llocjie 
c|)HxcauHH mohocjioh HHxyOnpoBajiH 30 mhh b pacTBope, couepxcaiueM 0.5 mt/ji cx-HacJ)TH- 
jiaueTaTa h 0.5 mt/ji npoHHoro CHHero RR b 0.1 M OB. Crexjia c oxpameHHbiMH 
MOHOCJIOflMH reMOUHTOB (pHC. 1) H3yHaJlH B CBeTOBOM MHXpOCXOne: nOUCHHTbIBajIH UOJHO 
oxpauieHHbix tcmouhtob ot o6mero nncjia xjieTox b nojie 3peHHH MHxpocxona. CraTHc- 
THHecxyK) o6pa6oTxy npoBoumiH c noMoiubio ouHocjiaxTopHoro uncnepcHOHHoro aHajiH3a. 

Axthbhoctb 3CTepa3 onpeuejifljin b xchpobom Tejie h b njia3Me reMOjiHMcjjbi B3pocjibix 
caMUOB h caMox Ha 3 — 5-h uhh nocue jiHHbxn Ha HMaro hjih y jthhhhox nocjieuHero (6-ro) 
B03pacTa. CpaBHHBajiHCb neTbipe BapnaHTa (b 3—4 noBTopHocTflx): a) He3apaxceHHoe 
xcnpoBoe Tejio (xoHTpojib); 6) xcnpoBoe Teno, couepxcaiuee raMOHTbi, cnopyjinpoBaHHbie h 
HecnopyjinpoBaHHbie oouhctm xoxuhuhh Adelina grylli (xoxuhuho3); b) xcnpoBoe Tejio, 
couepxcaiuee npeHMymecTBeHHO MepoHTbi h cnopoHTbi MHxpocnopnuHH Nosema grylli 
(MHxpocnopHUH03, cTaunn); r) xcnpoBoe Tejio, couepxcaiuee npeHMyiuecTBeHHo cnopbi 
MHXpOCnopHUHH (MHXpOCnopHUH03, Cnopbi). ripoObl XCHpOBOTO TCJia TOMOTeHH3HpOBaJIH, 
a npo6bi reMOjTHMc})bi b aHTHxoaryjiHHTe CMeuiHBajiH c paBHbiM oObeMOM 40 %-hoh 
caxapo3bi h 1 %-hoto TpHTOHa X-100. 3cTepa3bi pa3ueji5uiH b nojiHaxpHjiaMHUHOM rejie 
(xoHueHTpauHH axpHjiaMHua b pa3uejiHioiueM rejie 7.5 %, TpHTOHa X-100 — 0.2 %) c 
Hcnojib30BaHHeM TpHc-BepoHanoBoro 6yc})epa (pH 7). Flo oxoHHaHHH 3jrexTpoc|)ope3a rejin 
HHxyOnpoBajiH b pacTBope, couepxcaiueM 0.56 %-hbih a-Hac})THjiaueTaT (hjih aueTHjiTHo- 
xojihhhouhu jyifl BbixBjieHHH aueTHJixojiHH3CTepa3bi) b 0.2 M c})occ})aTHOM 6yc})epe (OB) 
(pH 7.0), 2 %-hmh aueTOH h 0.2 %-Hyio UHa30C0Jib npoHHoro CHHero RR (Sula, Weida, 
1983). 
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PHC. 1. rHCTOXHMHHeCKOe BbIHBJieHHe 3CTepa3HOH aKTHBHOCTH B MOHOCJIOe reMOUHTOB CBepHKa 

Gryllus bimaculatus. 

Fig. 1. Hystochemical localization of the esterase activity (reaction with a-naphtylacetate) in 
haemocyte monolayer of the cricket Gryllus bimaculatus. 


CneKTpocj)OTOMeTpHHecKoe onpeneneHne aKTHBHOCTH 3CTepa3 npoBonnjin no Acne- 
peHy (Asperen, 1962) b reMOJiHM^e xoHTponbHbix h 3apaxceHHbix MnxpocnopHUHflMH 
CBepHKOB, ocBoSoxc^eHHon ot reMOUHTOB nyTeM ueHTpH^yrHpoBaHHa. B KanecTBe cy6- 
CTpaTa Hcnojib30BanH 0.03 M pacTBop a-Hac|)TH.naueTaTa (npeuBapHTenbHO pacTBopeH- 
Horo b aueTOHe) b 0.04 M OB. AKTHBHOCTb c|)epMeHTa perHCTpHpoBanH c noMombio 
UBemoH peaKUHH o6pa3yiomHxca Hac|)TOJiOB c uHa30cojibio npoHHoro cHHero RR. Onra- 
necxyio mioTHOCTb H3Mep5uin Ha cneKTpoc|>OTOMeTpe CO-46 npH UJiHHe BOJiHbi 600 hm. 


PE3YJIbTATbI 

UmoxHMHHecKoe BbinBJieHne HecneuH(j)H l iecKHx 3CTepa3 b mo- 
hoc non x reMOUHTOB. PeaxuHfl BbiaBJiajiacb b Bnne TeMHO-xopnHHeBbix Tonex, nncf)- 
4)y3HO pacnpeuejieHHbix no Been UHTonjia3Me tcmouhtob h npncyTCTByiomHX b toh hjih 
HHOH CTeneHH BO Bcex (flOpMeHHbIX 3JieMeHTaX. OnHaXO HHTeHCHBHOCTb OKpaniHBaHHa 
cymecTBeHHO pa3JiHHajiacb. Tax, BepeTeHOBHUHbie reMouHTbi h MejiKHe oxpymbie xjieTxn, 
HueHTH^nunpyeMbie HaMH xa k nporeMOUHTbi, npaxTnnecxn He oxpauiHBajiHCb — b 
xneTxax npncyTCTBOBajio Jinuib He3HaHHTejibHoe hhcjio rpaHyji nponyxTa peaxunn. He- 
Oojibujaa rpynna xjieTox 6bma oxpameHa cjia6o, b hhx xoporno pa3JiHHajiocb nnpo, a 
rpaHyjibi pacnpenejnuincb nncj)c})y3HO, h, HaxoHeu, TpeTba rpynna xjieTox 6bma HHTeHCHBHO 
oxpameHa b xopnHHeBbin ubct, rpaHHUbi rpaHyji h nnpo xneTXH 6buin Hepa3JiHHHMbi 
(pnc. 1). KneTXH nocjieuHen rpynnbi Mbi paccMaTpHBanH xax oOnanaioiUHe nonoxcHTejib- 
hoh peaxunen Ha 3CTepa3bi. B HopMe nojin nojioxcHTejibHO oxpameHHbix tcmouhtob ot 
o6iuero HHCJia xjieTox b none 3peHHa MHxpocxona BapbnpoBaJia ot 0 no 80 %, ouHaxo 
HanOojiee nacTO BCTpeHaioiunecn 3HaneHHa (MennaHbi BbiOopox) nexcajin b oOnacTH 
40—60 %. 3HaneHH5i nonen tcmouhtob c nojioxcHTejibHOH peaxunen y HacexoMbix, 
3apaxceHHbix xoxuhuhhmh, Haxonnjincb b stom ace nnana30He h cooTBeTCTBOBaJin Maxcn- 
MaJIbHblM XOHTpOJIbHbIM 3HaHeHH5IM. IlpH MHXpOCnOpHUH03e, HanpOTHB, XOJIHHeCTBO 
xjieTox c nojioxcHTejibHon peaxunen 6biJio b OojibuiHHCTBe cjiynaeB nocTOBepHO Hnxce, neM 
b upyrnx BapnaHTax; HanOonee nacTO nojin nojioxcnTejibHO oxpameHHbix tcmouhtob b none 
3peHnn MHxpocxona He npeBbimana 10—20 % (pnc. 2). 


5 napa3HTOJTonw, Ns 6, 1999 r. 
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12 3 * 5 6 7 Q 9 


BapuaHmbi onbima 

PhC. 2. AKTHBHOCTb HeCneUH(J)HHeCKHX Kap60KCHJI3CTepa3, BblHBJieHHaa UHTOXHMHHeCKH B MOHOCJIO- 
ax reMOUHTOB CBepHKOB Gryllus bimaculatus. 

no och op/iHHaT: aojiH kjictok c nojio)KHTejibHOH peaKUHen; no och a6cuHcc: 1 — 3 — KOHTpojib, 4 — 7 — 
3apaxeHHe MHKpocnopHaweH Nosema grylli, 8, 9 — 3apaxceHHe kokuhahch Adelina grylli. 
Pe3yjibTaTbi CTaTHCTHnecKOH o6pa6oTKH npeacTaBJieHbi b Bnae KBaHTHjibHOH anarpaMMbi. MeanaHa Bbi6opKH aaHa 
c 95 %-hhm aoBepHTejibHbiM HHTcpBajioM, TpaHHUbi 6 okcob onpeaejunoTCH hhxchhm (25 %) h BepxHHM (75 %) 

KBaHTHJICM; rpaHHUbl BepTHKaJIbHbIX JIHHHH - HHXCHHM (10 %) H BCpXHHM (90 %) fleUCHTHJieM. Bbl6opOHHbie 

3HaneHH5i, jiexcamHe bhc stoto HHTepBana, o6o3HaneHbi «+» (no pe3yjibTaTaM oaHocjjaKTopHoro ancnepcHOHHoro 

aHanH3a). 

Fig. 2. Unspecific carboxylesterase activities, revealed cytochemically in the haemocytes’ monolayers 

from the crickets Gryllus bimaculatus. 
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Phc. 3. OpaKUHOHHbiH cocTaB 3CTepa3 b reMOJiHMcjie CBepmca b HopMe h npn 3apaxceHHH MHKpocno- 

pmiHHMH H KOKIJHflHflMH. 

A — KOHTpojib (oTcyTCTBHe 3apa>KeHHJi); E — 3apaxceHne MmcpocnopnaHJiMH (cTaann Mepo- h cnoporoHHH); 
B — 3apaxceHHe MmcpocnopwaHjiMH (cnopbi); T — 3apaxeHne kokuhahjimh; l —HMaro caMUbi; II — HMaro 
caMKH; III — jihhhhkh nocneaHero B03pacTa, caMUbi. 

Fig. 3. Carboxylesterase fractions in the haemolymph of the cryckets, infected with a microsporidian 
Nosema grylli and a coccidian Adelina grylli. 
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Phc. 4. OpaiajHOHHbiH cocTaB 3CTepa3 b XHpoBOM Tejie CBepHKa b HopMe h npH 3apaxeHHH 

MHKpOCnOpHJUWMH H KOKUHflHflMH. 

06o3HaneHHa TaKHe ace, KaK Ha pnc. 3. 

Fig. 4. Carboxylesterase fractions in the fat body of the crickets, infected with a microsporidian 
Nosema grylli and a coccidian Adelina grylli. 


BbiflBJieHHe MHOxecTBeHHbix cj)op m HecneuHcJ)HHecKHx 3CTepa3 b 
/KH pOBOM Tejie H reMOJIHM(J)e KOHTpOJIb HbIX H 3apaXCeHHbIX CBepHKOB. 
B o6pa3uax reMOJiHMcJ)bi h xcnpoBoro Tejia 6bijin BbiflBJieHbi 3 — 5 MHoacecTBeHHbix 
MOJieKyjiapHbix cJ)opM HecneuHc})HHecKHX 3CTepa3 (pnc. 3, 4) h cJ)paKUHH xojiHH3CTepa3bi 
co cjia6oH aKTHBHocTbK) (He noKa3aHo). CpaBHeHHe cneKTpoB MHoxcecTBeHHbix MOJieKy- 
JlflpHblX (J)OpM 3CTepa3 y CaMOK, CaMUOB H JIHHHHOK KOHTpOJIbHbIX CBepHKOB nOKa3aJIO, HTO 
hx aKTHBHOCTb y conocTaBJifleMbix rpynn cnjibHO BapbnpyeT. B stoh cba3h Bee jtajibHenniHe 
onbiTbi npoBeAeHbi Ha cBepHKax Ha 3 — 5-h jjhh nocjie jiHHbKH Ha HMaro jih6o Ha jiHHHHKax 
nocjiejjHero B03pacTa. AKTHBHOCTb 3CTepa3 b xcnpoBOM Tejie caMOK b Sojibnien cTeneHH 
noztBepxceHa Kone6aHHflM, neM y caMuoB. OpaKUHOHHbiH cocTaB cymecTBeHHo He oTjiHHa- 
eTCfl y caMuoB h caMOK. y jihhhhok o6ohx nojiOB Ha6jnojtajiH 6ojiee HH3Kyio aKTHBHOCTb 
HeKOTOpbIX MHOXCeCTBeHHbIX MOJieKyjIflpHblX (J)OpM 3CTepa3 no CpaBHeHHK) CO B3pOCJIbIMH 
0 C 06 flMH. CpaBHeHHe aKTHBHOCTH MHOXCeCTBeHHbIX (J)OpM HecneUH(J)HHeCKHX 3CTepa3 
reMOJiHMc|)bi BbiHBH.no cnejtyiomee. ripn MHKpocnopnjtH03e c npeo6jiajtaHHeM BHyTpHKjie- 
TOHHblX CTaXtHH HHTeHCHBHOCTb peaKUHH He H3MeHflJiaCb no CpaBHeHHK) C KOHTpOJieM 
(pnc. 3, A, E). Ecjih xce xcnpoBoe Teno 6biJio 3anojiHeHo cnopaMH MHKpocnopnjtHH, to b 
reMOJiHMc{)e Ha6.mojta.nocb o6mee cHHxceHHe aKTHBHOCTH h yMeHbmeHne nncna BbiflBjifle- 
MblX 3CTepa3HbIX cj)paKUHH (pnc. 3, A, B). ripn K0KUHJtH03e aKTHBHOCTb Bcex cJ)OpM 3CTepa3 
jih6o He H3MeHfljiacb, jih6o He3HanHTejibHo yBejiHHHBanacb (pnc. 3, A, r ). B xchpobom Tejie 
pacnpe^ejieHHe aKTHBHOCTH Hecneunc{)HHecKHX cJ)opM 3CTepa3 no BapnaHTaM nojtHHHfljiocb 
TaKOH xce 3aK0H0MepH0CTH (pnc. 4). Pe3yjibTaTbi onbiTOB noKa3biBaioT, hto npn 3apaxceHHH 
MHKpOCnopH^HflMH Ha6niOJtaeTCfl TeHAeHUHfl K CHHXCeHHK) aKTHBHOCTH Kap60KCHJ13CTepa3 
KaK b reMOJiHMcJ)e, TaK h b xchpobom Tejie CBepHKOB. 

CneKTpocJ)OTOMeTpHHecKHH aHajiH3 njia3Mbi reMOJiHMc|)bi TaKxce noKa3aji jtocTOBepHoe 
CHHxceHHe yztejibHOH aKTHBHOCTH HecneuHcJ)HHecKHx 3CTepa3 y 3apaxceHHbix HaceKOMbix 
o6ohx nojiOB npn aKTHBHOM cnopoo6pa30BaHHH MHKpocnopH^HH (cm. Ta6jiHuy). XapaK- 
TepHO, HTO y CBepHKOB, B KOTOpbIX BblflBJIflJIH B OCHOBHOM BHyTpHKJieTOHHbie CTajtHH 
pa3BHTHfl napa3HTa, a He cnopbi h BHeuiHHe CHMnTOMbi 3apaxceHHfl He 6biJiH 3aMeTHbi, 
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YuejibHaa aKTHBHOCTb o6mHX 3CTepa3 b reMOJiHM(J)e 
CBepHKOB Gryllus bimaculatus 


Specific activities of general esterases in the haemolymph 
of the cricket Gryllus bimaculatus 


BapHaHT 

A6oo/Mr 6ejiKa 

X ±SE 

Ml 

7.826 

16.521 

37.826 

20.72 + 8.915 

K1 

80 

80.348 

76.957 

80.435 ±2.145 

M2 

42.647 

56.471 

39.118 

46.08 ± 5.295 

K2 

94.118 

105.882 

98.824 

99.61 ±3.419 


npHMenaHHe. A6cop6uHH (onTHHecxan njioTHocTb) npH 
iUiHHe BOjiHbi 600 hm (A 600 ) H3Mepa;iacb nepe3 30' nocjie 
,Ho6aB;ieHHH a-Ha^THJiaueTaTa npn TeMnepaType 20°. K — 
KOHTpojib; M — cBepHKH, 3apa>KeHHbie MHKpocnopHaHHMH; 1 — 
caMUbi; 2 — caMKH. 


3HaneHHH yuejibHOH aKTHBHOCTH 3CTepa3, BbipaxceHHbie b eflHHHuax onTHHecKOH nnoTHOCTH 
Ha Mr 6ejiKa, 6biJiH ^ocTOBepHO Bbirne, neM npH cnopoo6pa30BaHHH, h HHXce, neM y 
KOHTpojibHbix oco6en. Ohh cocTaBHjiH 37.83 A 600 / Mr 6ejiKa ajih caMuoB h 72.65 A 6(X /Mr 
6enKa ^jia caMOK. 


OBCy^gtEHHE 

CHHXCeHHe aKTHBHOCTH 3CTepa3 npH MHKpOCnopH,aH03e HMeeT MeCTO KaK B HHBa3HpO- 

BaHHblX TKaHflX - B KHUieHHHKe (KoJIbHeBCKafl, KoJTbHeBCKHH, 1988) H B XCHpOBOM Tejie 

(HacToamaa pa6oTa), Tax h b cBoOoflHbix ot napa3HTOB TKaHax 6ojibHbix MHKpocnopH,aH030M 
HacexoMbix — b HepBHOH uenoHKe (Ec^hmchko, 1989) h b reMOJiHM(})e (HacToamaa pa6oTa). 
IlaAeHHe aKTHBHOCTH MoxceT HBjiHTbCH cjieacTBHeM HecneuH(|)HHecKoro CHHxceHHH o6mero 
MeTa6ojiH3Ma Ha cfiHKCHpyeMbix (no3AHHx) cTaanax 3a6ojreBaHHH. OnHaxo npoTHB 3Toro 
npeflnojio>KeHHH roBopHT tot cJiaKT, hto pa3jiHHHbie cf)epMeHTHbie KOMnnexcbi no-pa3HOMy 
pearnpyioT Ha 3apaxceHHe: aKTHBHOCTb oahhx cjDepMeHTOB nocTOBepHO yBejiHHHBaeTca, 
apyrnx — cHHXtaeTca, a TpeTbnx — ocTaeTca 6e3 H3MeHeHHH no cpaBHeHHio c KOHTpojieM 
(flojirHXHflp., 1996;,IIojirHx, 1998). Bo3MO)KHOTaK)Ke, hto MHKpocnopnnHH cneuncfiHHecKH 
HHrnGnpyioT aKTHBHOCTb 3CTepa3, HanpHMep HHayunpya Kaxon-To HeH3yneHHbiH cfiaxTop. 
H3BecTH0, hto HexoTopbie SHTOMonaToreHHbie OaxTepnn h HeMaTonbi Bbi3biBaiOT CHnxceHHe 

aKTHBHOCTH rHflpOJIHTHHeCKHX (JiepMeHTOB - 3CTepa3, Cf)OCC|)aTa3, npOTea3 H wp., HTO 

oG^HCHHeTCH BbiflejieHHeM sthmh naToreHaMH tokchhob, KOTopbie HecneuHcJiHHecKH no^aB- 
JI5HOT aKTHBHOCTb (JiepMeHTOB, yHaCTByiOmHX B 3amHTe HacexoMbix OT HH({)eKUHH (DiynOB, 
BaxBajiOB, 1998). H3 reMOJiHMcfibi ryceHHU Pseudolitia separata BbifleneH h OHHiijeH 
HH3KOMOJieKyjI5IpHbIH nenTHfl (4500 fla, 23 aMHHOKHCJlOTHbIX OCTaTKa), nOHBJIHlOmHHCH npn 
3apaxceHHH Apantheles kariyai , KOTopbiH cneuncjDHHecKH HHraOnpyeT aKTHBHOCTb 3CTepa3 
KDBeHHjibHoro ropMOHa (Hayahava, 1990). ripn MHKpocnopHflH03ax y HacexoMbix Taoce 
3ac{)HKCHpoBaHO CHHxceHHe aKTHBHOCTH khcjioh <£occt)aTa3bi (Sokolova, Issi, 1990). KpOMe 
Toro (npn Been HeoflH03HaHHOCTH bosmoxchoh HHTepnpeTauHH), yjibTpacTpyKTypHbiH aHanH3 
3apaxceHHbix TxaHen CBHfleTejibCTByeT o bmcokoh cexpeTopHOH aKTHBHOCTH ^ocnopoBbix 
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BHyTpHKJieTOHHbIX CTaflHH pa3BHTH5I MHXpOCnOpHAHH! B 30He MepOHTOB H CnopOHTOB 
HaGjiiOAaeTca oOnjiHe mcjixhx ny3bipbKOB, nacTO CB5naHHbix c njia3MajieMMOH napa3HTa, xax 
6bi «oTnoHKOBbiBaiomHxca» ot Hee (CoKOJioBa h ap., 1994). 

K3 HrpaioT HCKjnoHHTeJibHyio pojib bo BHyTpnxjieTOHHOM MeTa6o^H3Me: B3aHM0,aeHCT- 
Bya C 4 )occ t )OJIHnH ^ aMH » 0HH npHHHMaiOT aKTHBHOe ynaCTHe B (|)yHXUHOHHpOBaHHH 
KJieTOHHbix MeM6paH h peryjiauHH hx npoHHuaeMOCTH. ripH stom K3 H3 pa3Hbix 
KJieTOHHbIX KOMnapTMeHTOB (H3 MHTOXOHApHajlbHOH, MHXpOCOMHOH HJIH JIH30C0MajIbH0H 

cjspaxuHH) OTJiHHaiOTC^ no cbohm CBOHCTBaM h cjsyHXUHflM (Epoxepxoc}), flxceHceH, 1978). 
Ha opraHH3MeHHOM ypoBHe cHHxceHHe aKTHBHocTH HecneuH(f)HHecKHx 3CTepa3 MoxceT 
npHBo^HTb k AHcc})yHKUHH MHoxcecTBa peryjiHpyeMbix sthmh cj^epMeHTaMH npoueccoB. B 
nacTHOCTH, noxa3aHo, hto 3CTepa3bi HrpaioT BaxcHyio pojib b BHTejuioreHe3e (Hooper, Wan, 
1966), a Taxxce b jiH3Hce xcejiTOHHbix kjictok h axTHBHo pa3BHBaiomnxc5i ahu y Bombyx 
mori (Kai, Hasegava, 1973). Bo3mo)xho, hmchho HHrn6HpoBaHHe 3CTepa3HOH aKTHBHocTH 
^BjraeTCH o^hoh H3 npHHHH HaGnioflaeMoro npn MHxpocnopHflH03e HapyuieHHH TpaHcnopTa 
BHTejuioreHHHOB, HaxanjiHBaiomHxca b reMOJiHM^e (Cejie3HeB h ap., 1997), a Taxxce 
He,aopa3BHTH5i ronajx y caMOK cBepHKOB Gryllus bimaculatus (flojirnx h ap., 1996). 

AXTHBHOCTb KOMnJieKCa Kap6oKCHJI3CTepa3, BblflBJIfleMafl B XCHpOBOM Tejie, BepO^THO, 
cB5i3aHa c peryjiHuneH JiHnHflHoro o6MeHa xo35iHHa. Tax, yBeJinneHne axTHBHOCTH 3CTepa3 
npH X0XUHAH03C MOXCeT CBH^eTeJIbCTBOBaTb O Mo6HJIH3aUHH TpHaUHJiniHUepHAOB B CB5I3H 
C B03p0CUIHMH 3HepreTHHeCXHMH nOTpe6HOCT^MH OpraHH3Ma X03HHHa, HTO nOATBepXC^a- 
eTca ^aHHbiMH o 6bicTpoM Hcne3HOBeHHH jiHnH.aoB H3 xcnpoBoro Tena (nacxepoBa H flp., 
1998). npH MHxpocnopH^H03e HapymeHHfl JinnH^Horo o6MeHa hocat, no-BHOTMOMy, 
npHHUHnHajibHo hhoh xapaxTep: BO-nepBbix, jinnH^Hbie xanjin He Hcne3aioT H3 UHTonjia3- 
Mbi 3apaxceHHbix xneTox Tax 6bicTpo, xax npH xoxuHflH03e, a Bo-BTopbix, HaSmoflaeTCfl 
3aMeTHaa ninepTpoc})H5i 3apaxceHHoro opraHa, xoTopaa cMeHaeTca pe3XHM ero HCTomeHHeM 
TOJibxo Ha caMbix nocjieflHHX 3Tanax 3a6ojieBaHH5i. 

n P H H3yneHHH naToreHe3a MHxpocnopHflH030B HacexoMbix HawSonee npHCTajibHoro 
BHHMaHHfl 3acjiy)XHBaeT, Ha Ham B3rmjx, H3yneHHe 3CTepa3 b cbjhh c hx ponbio peryjiflTopoB 
THTpa HDBeHHJibHoro ropMOHa (K)r) (Hammock, 1985), Tax xax hmchho «ioBeHHJiH3auH5i» 
3apaxceHHbix ocoOeii ABJiaeTCfl xapaxTepHbiM npH3HaxoM MHxpocnopH^H030B HacexoMbix. 
Y HacexoMbix c nojiHbiM h HenojiHbiM npeBpameHHeM npn 3apaxceHHH MHxpocnopHflHflMH 
HaSmoflaeTCfl pacTarHBaHHe JiHHHHOHHbix B03pacT0B, yBeJiHneHHe HHCJia jiHHex, HapyiueHHfl 
MeTaMopc|)03a h Mopc})oreHe3a oxaejibHbix opraHOB. Mbi npe^nonaraeM, hto cHHxeHHe 
axTHBHOCTH 3CTepa3 reMonHM^bi, ynacTByiomHX b flerpaaauHH IOr, MoxceT npHBOflHTb x 
HaxonjieHHio ropMOHa h x 3 c|xj 3 exTy ioBeHHJiH3auHH, perynapHo HaSmo^aeMOMy npn 
MHXpOCnopHflH03e. y HeCXOJIbXHX BHflOB HacexoMbix, B TOM HHCJie H y CBepHXOB, yxce 
BbiHBneHbi h oxapaxTepH30BaHbi cneun^HHecxHe 3CTepa3bi lOBeHHJibHoro ropMOHa (IOr-3c- 
Tepa3bi), H3yneHa hx ^HHaMHxa b xo,ae )XH3HeHHoro unxjia xo35iHHa (Hoffmann e. a., 1994; 
Vermunt e. a., 1997; Woodring, Hoffmann, 1997; Patterson, Weaver, 1997; Stauffer e. a., 
1997). noxa3aHO, hto c|)epMeHT HHinGnpyeTCfl cneimcj)HHecxHM hhthShtopom OTFP 
(3-Octylthio—1,1,1,-fluoropropan—2,1), xoTopbin, no xpaimen Mepe nacTHHHO, CHHTe3H- 
pyeTCfl b corpora cordiaca h BbmejiaeTCfl b reMOJiHM^y. IOr-3CTepa3a aencTByeT xax 
aHTaroHHCT IOr. Ha Manduca sexta noxa3aHO, hto H3 reMOJiHM(J)bi lOf 3CTepa3a sjihmhhh- 
pyeTca nepnxapAHajibHbiMH xneTxaMH c noMombio onocpe^oBaHHoro peuenTopaMH sh^o- 
UHT03a h noABepraeTc^ ^erpaAauHH b jiH3ocoMax. C noMombio BecTepH-rH6pH,aH3auHH 
noxa3aHO, hto b nepnxapAHajibHbix xjieTxax IOr-3CTepa3a CB^3biBaeTC^ c 6eJixaMH Tenno- 
Boro moxa (HSP), npeAnonoxcHTeJibHo ynacTByiomHMH b «copTHpoBxe» SeJixoB, npe^Ha- 
3HaneHHbix ana nona^aHHH b jiH30C0Mbi (Bonning e. a., 1997). XapaxTepHO, hto MHxpo- 
cnopH,aH03 Bbi3biBaeT 3aMeTHoe yBeJinneHne xojiHHecTBa HSP70 b 3apaxceHHbix TxaH^x 
ABynflTHHCToro CBepnxa (CeJie3HeB h ^p., 1994). BbiflBJieHHe cneunc})HHecxHX IOr-3CTepa3 
H3 xoMnnexca Hecneunc})HHecxHX 3CTepa3 h H3yneHHe bobachctbhh Ha hhx MHxpocnopn- 
Ahh — cjie^yiomHH 3Tan Hccjie^oBaHH^ naToreHe3a MHxpocnopHflno30B HacexoMbix. 

Pa6oTa no^epxcaHa POOH: 97-04-48383, 96-04-48985 h OUn HHTerpauna 
K—0955. 
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SUPPRESSING OF ESTERASE ACTIVITIES AS A SPECIFIC FEATURE 
OF MICROSPORIDIOSIS IN CRICKETS GRYLLUS BIMACULATUS 

Yu. Ya. Sokolova, O. V. Sundukov 

Key words', microsporidiosis, Nosema grylli , Adelina grylli , esterase activity, Gryllus 
bimaculatus. 


SUMMARY 

The goal of the present work is to examine the effect produced by the microsporidian 
Nosema grylli (Microspora, Nosematidae) on carboxylesterases’ complex in the fat body 
(the site of parasite location), and in the haemolymph of the Gryllus bimaculatus 
(Orthoptera, Gryllidae). The simultaneous study of the influence of another intracellular 
parasite of the cricket adypocytes — a coccidian Adelina grylli has been performed to 
compare the effect produced by two parasites. 

Carboxylesterase (CEs) (EC 3.1.1.1.—3.1.1.5.) form a group of enzymes, hydrolyzing 
the eithers of carbonic acids. The identification of the separate enzymes inside the group 
is hardly possible due to their overlapping substrate and inhibitory specificity (Choudhury, 
1972). CEs are believed to play an important regulatory role in the key physiological 
processes in insects: in lipid metabolism, vitellogenesis, reproduction and others (Lands, 
1965; Hooper, Wan, 1966; Bonning e. a., 1997). CEs from insect haemolymph, so called 
JH esterase, participate in the degradation of juvenile hormone (JH) (Hammock, 1985; 
Hoffmann e. a., 1994; Vermunt e. a., 1997; Woodring, Hoffmann, 1997; Paterson, Weaver, 
1997). CE activity correlates with the insect ability to detoxification (Oppendorth, 1985; 
Ishaaya, 1993). Investigation of CEs activities during the microsporidiosis is of interest 
mainly for the following reasons. 1) CEs actively participate in the hydrolysis of 
triacylglycerids — the main storage lipids in Insects. Thus, the study of the effect produced 
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by the anaerobic microsporidians (M) and aerobic coccidians on the activity of CEs in 
host tissues might be helpful in understanding the mechanisms of pathogenesis of each 
pathogen (flojirnx h flp., 1996; IlacKepoBa h jx p., 1998). 2) Taking in account the role of 
CEs in JH III titer regulation (Khlebodarova e. a., 1996) and since it was shown that M 
influence on the host hormonal status similar to JH (Fischer, Sonborn, 1962; Issi, 1986), 
it was important to assess the influence of M on the enzyme activities. 

Studies were performed on the laboratory culture of Gryllus bimaculatus. Crickets 
were infected perorally with the suspension of spores added to the drinking water as 
described elsewhere (Dolgikh e. a., 1997). Crickets spontaneously infected with Adelina 
grylli , were used in the experiments. Haemolymph (20—50pl) individually taken, was 
collected in the tubes, containing anticoagulating solution (0.1 M NaOH, 0.15 M NaCl, 
0.017 EDTA, 0.04 M citric acid), and was centrifuged 5 min at 500—1000 G. Supernatant 
was used for the spectrophotometry and electrophoresis. The sediment containing 
haemocytes, after washing in 0.1 M PBS, was put on slides and incubated 15—20 min 
at RT in moisture chambers. The adhered haemocytes were fixed in paraformaldehyde— 
glutaraldehyde mixture and incubated 30 min in the reactive solution (0.5 mg/1 a-naph- 
tylacetate and 0.5 mg/1 blue RR stain (Reanal) in 0.1 PBS). Slides with stained monolayers 
of haemocytes were studied in the light microscope (fig. 1, 2). Activities of esterases, 
separated by gel-electrophoresis were studied in the fat body and haemolymph of the 
3—5 days old males and females or of the last (6-th) instar larvae. Samples were mixed 
with the equal volume of 40 % sucrose and 1 % Triton X-100 in PBS. After electrophoresis 
gels were incubated in the solution, containing 0.56 % a-naphtylacetate in 0.2 M PBS 
(pH 7.0), 2 % acetone and 0.2 mg/1 blue RR stain in b 0.1 PBS (Sula, Weida, 1983). 
Spectrophotometrical study of esterase activities was performed in haemolymph deprived 
of haemocytes according Asperen (1962). Solution of 0.03 M a-naphtylacetate in 0.04 M 
PBS was used as a substrate. Enzyme activities was detected by the color reaction with 
blue RR stain. Optical density was measured with the help of spectrophotometer SP-46 
at wavelength 600 nm. 

The obtained results (fig. 1—4; table) point to the inhibition of the esterase activities 
in all studied tissues while microsporidiosis. Infection of the cricket with a coccidian 
A. grylli did not cause the fall in the enzyme activity, on the contrary it enhance activities 
of some of forms of the enzyme. 

The CEs activities could decrease due to unspecific fall of general metabolism on the 
acute phase of the disease, though this assumption is in contradiction to the data obtained 
for other enzymes, which activities essentially increase while microsporidiosis (flojirnx h 
ap., 1996; flojirnx, 1998). Microsporidians may secrete a factor suppressing host hydrolases, 
including those, participating in the insect defense reactions esterase activities, like some 
of entomopathogenic bacteria, nematodes and parasitic hymenopterans (DiynoB, EaxBanoB, 
1998). A peptide, specifically inhibiting JH esterase activities, has been isolated from 
haemolymph of Pseudolitia separata larvae infected with Apantheles kariyai (Hayahava, 
1990). Our previous cytochemical studies showed that microsporidiosis caused the 
suppressing of acid phosphatase activity (Sokolova, Issi, 1990). Besides, EM analysis 
revealed numerous vesicles associated with a parasite’s plasmalemma suggesting high 
secretory activity of the microsporidian prespore stages (CoKOJiOBa h jx p., 1994). Activities 
of fat body CEs have to play an essential role in a regulation of the lipid metabolism. An 
increase of the enzyme activity after the infection with Adelina grylli is presumably 
connected with a rapid utilization of triacylglycerids in the course of infection (nacKepoBa 
h jx p., 1998). The observed «juvenilization» of the microsporidian infected insects indicating 
putative enhancement of JH titer, might be considered as a consequence of the fall of the 
JH esterase activity. Isolation of the specific JH esterases and analysis of the alterations in 
their activities due to infection with the pathogens is the next spet of the research. Supported 
by RFBR: 97-04-48383, 96-04-48985 and «Integracia» K—0955. 
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